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ABSTRACT 
This report presents calibrated mean volume backscatter strength and concurrent hydrographic 
data collected on RRS Charles Darwin Cruise 104a. The MVBS data were taken with the hull 
mounted RD Instruments Acoustic Doppler current profiler operating at 153 kHz and a Sirnrad 
EK500 scientific echo sounder operating at 38, 120 and 200 kHz. Hydrographic data were taken 
with CTD casts anclJor by SeaSoar surveys. The data are presented as 24h sections covering the 
Gulf of Oman, Strait of Horrnuz and the southern part of the Arabian Gulf. The report gives 
details of the post calibration procedures used to obtain absolute MVBS from the EK500 data, 
and the calibration procedures used for chlorophyll fluorescence. Minor changes are also made 
to some of the oxygen, pressure and salinity data presented in the earlier reports. 
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This report brings together the calibrated mean volume backscatter data from 
the vessel mounted 153 kHz RD Instruments Acoustic Doppler Current Pro filer, the 
EK500 (at all three frequencies - 38, 120 and 200 kHz) and concurrent hydrography 
from SeaSoar and/or CTD casts (potential temperature, salinity, potential density, 
oxygen and chlorophyll fluorescence). 
The report also contains details of the calibration procedures used for 
chlorophyll fluorescence and for the EK500. These resultant calibrated data therefore 
replace the uncalibrated fluorescence data given by Smeed (1997) and Smeed et ai, 
(1997) and the partially calibrated MVBS data from the EK500 given by Crisp et ai, 
(1997a). We have also made some corrections to the earlier oxygen data and 
improved the salinity calibrations for both SeaSoar and CTD data collected in the 
Arabian Gulf. 
METHODOLOGY 
1. CTD and SeaSoar calibrations 
The calibration of all the CTD and SeaS oar data has been checked. The final 
data, presented in this report has been calibrated as described in Roe (1997), Smeed 
(1997) and Smeed et al (1997). However, there are some small differences between 
these data and the provisionally calibrated data presented in Smeed (1997) and Smeed 
et al (1997). These are listed below. 
CTD calibrations 
a) Pressure. A small correction has been made to the offset in the pressure 
calibration equation. 
b) Oxygen. To obtain better agreement with the bottle samples, the offset was 
corrected for the first three stations, and near surface values were edited on profiles 
5,41,47,57,59,71,83, and 112. 
c) Salinity. A more detailed comparison with the bottle samples has been 
made, but the changes to the calibration were minor. 
SeaS oar calibration 
a) Salinity. The data have been recalibrated using samples from both the 
survey in the Strait of Hormuz and the Arabian Gulf. (The provisional calibration 
used samples form the Strait survey only). 
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In addition to these minor changes the fluorescence data from both CTD and 
SeaSoar have been calibrated as described in detail below. 
2. Fluorescence calibrations 
Fluorescence values of seawater were measured using three fluorometers: 
I. A Chelsea Instruments Mk. III Aquatracka fluorometer (8812050195) 
mounted on the CTD 
2. A Chelsea Instruments Mk. III Aquatracka fluorometer (88/29601163) fixed 
in the SeaSoar 
3. A Chelsea Instruments Mk. II Aquatracka fluorometer in a tank on the 
afterdeck, measuring fluorescence in the pumped non toxic seawater supply. 
Chlorophyll concentrations were measured from water samples taken from 
both the non toxic supply and from Niskin bottles to calibrate these three 
fluorometers. The determination of chlorophyll in the samples was made using a 
fourth fluorometer (Turner Designs, model IO-OOOR, serial no. 00859)on board ship. 
This was calibrated using a standard solution with a concentration determined by 
spectrophotometer (Pye Unicam SP6-500). 
Concentration of Standards 
The primary standard consisted of a Sigma Chemical chlorophyll a pellet 
(Anacystis nidulans) dissolved in 1 litre of 90% acetone. The extinction was measured 
for the sample before and after acidification at 665nm. Extinction measurements were 
also taken at 750nm to correct for turbidity, achieved by subtracting these values from 
those at 665nm. The concentration of chlorophyll a and phaeopigments were 
calculated using the following equations: 
Chlorophyll a (mg/l) = (26.7 * (665b - 665a) * v) 1 (V * I) 
Phaeopigments (mg/l) = (26.7 * ((1.7 * 665a) * v» 1 (V * I) 
Where: 
665b = Extinction at 665nm before acidification (corrected for turbidity) 
665a = Extinction at 665nm after acidification (corrected for turbidity) 
v = Volume of acetone extract (ml) (here I ml) 
V = Volume of water filtered (litres) (here I I) 
= Path length of the cu vette (cm) (here I cm) 
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This pnmary standard was then diluted into eight chlorophyll standard 
solutions to cover the range of chlorophyll sample concentrations expected in the 
survey area. These were 0.56, 1.13, 2.26, 3.39, 4.52, 6.78, 9.04 and 11.3 mg m-3. 
Calibration of the Lab Fluorometer 
These standard solutions were used to calibrate the laboratory fluorometer and 
the resultant values incorporated into the equations used to calculated the chlorophyll 
and phaeopigment concentrations in the samples. The first, the linear calibration 
factor (or Door Factor Fo), is the mean standard concentration divided by the mean 
standard fluorescence. The second is the acidification coefficient Fm, which is the 
average ratio between the fluorescence of the standards before and after acidification. 
Sample Collection, Chlorophyll Extraction and Measurement 
Samples were collected into 2 litre plastic flasks from both the non-toxic 
pumped supply and the Niskin bottles on the CTD frame. From each water sample 
two 100 ml aliquots were taken separately and filtered through different What man 
GF/F papers in the dark at low pressure «6mm Hg). Each filter paper was then 
transferred to a glass vial and stored in the dark at -20GC until extraction. 
The pigments were extracted from the phytoplankton cells into solution by 
adding 20ml of 90% acetone to each vial with an Anachem adjustable autodispenser 
and putting them back in the dark freezer at -20GC for between 20 to 22 hours. 
The samples were then removed from the freezer and warmed to laboratory 
temperature in a darkened water bath (20GC in the constant temperature laboratory). 
After the laboratory fluorometer had been zeroed with 90% acetone it was used to 
measure the fluorescence of each sample. Two drops of 10% hydrochloric acid were 
then added to the sample and the fluorescence was re-measured. 
The chlorophyll a and phaeopigment concentration of each sample were 
calculated using the following equations: 
Chlorophyll a (mg/m3) = Fo * (Fm / (Fm - 1)) * (Fb - Fa) * (v / V) 
Phaeopigments (mg/m3) = Fo * (Fm / (Fm - 1)) * ((Fm * Fa) - Fb) * (v / V) 
Where: 
Fo = Mean Standard Cone / Mean Standard Fluorescence before 
acidification 
Fm = Mean Fb/Fa of Standard solutions 
Fb, Fa = Fluorescence before and after acidification of the sample 
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v = volume of 90% acetone used in extraction (20ml) 
v = Volume of seawater filtered (lOamI) 
These calculations were performed on a Microsoft Excel spreadsheet, before 
the files were converted to an ASCII text file format. These text files were read into 
PST AR (pascin), and then the data was merged into the relevant sample files at the 
corresponding times (underway or CTD) to produce the calibration files. 
CTD Fluorometer Calibration 
The chlorophyll concentrations and the corresponding fluorescence from the 
CTD's fluorometer were extracted from the sample files and combined to create a 
calibration file (done using a script pas_all). However, a standard calibration had 
been made on the fluorescence voltage (jvoIts) and this was now represented in the 
file by the variable ufluor. To complete the processing, the fvolts value was 
calculated from the fluor (using the script mkfvolts). To allow a linear calibration to be 
performed on fvolts the natural log of the chlorophyll concentrations was also 
calculated (using the script mklnchl). 
All three fluorometers were calibrated in the three different survey areas, as 
factors such as the known geographic changes in species (EI Gindy and Dorgham, 
1992) can affect the relationship between chlorophyll and fluorescence (Flemer, 
1969). These areas were: 
1. The Gulf of Oman (Stations I to 108). 
2. The Strait of Hormuz (Stations 109 to 144) 
3. The Arabian Gulf (Stations 145 to 187) 
The CTDs in these areas were also divided into day and night stations, so that 
a calibration could be made for the dark stations ignoring the effect of quenching. 
Quenching is a phenomenon where at high natural light intensities the fluorescence of 
chlorophyll is lower due to the photosynthetic apparatus of the phytoplankton 
changing its photoadaptive state, (Falkowski, 1984; Strass 1990) 
The data were then plotted (In chI against fvolts) and anomalous values 
detected and removed with peditb (this was approximately I % of the measurements). 
On close inspection of the data there did not appear to be a large quenching effect. 
This was not expected but was remarkably consistent through all three regions. This 
consistency was confirmed by selecting the CTD samples between the surface and 20 
m in the day, and re-plotting them (In chI against fvolts). These measurements 
showed the same relationship between 111 chi and fvolts as the dark samples, and all 
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fitted within the dark distribution (Figure 1). Therefore the light and dark samples 
were combined and a linear regression was performed between In chI andfvolts using 
the PST AR program plreg2. This produced the values for the calibration (listed 
below) which were used to calibrated the CTn fluorometer. 
Area 1 Gulf of Oman (Stations 1-108): In (chI a)=-3.57586+2.0451 *fvolts 
Area 2 Strait of Hormuz (Stations 109-144): In (chI a)=-4.3452+2.7234*fvolts 
Area 3 Arabian Gulf (Stations 145 -187): In (chI a)=-2.6600+1.4774* fvolts 
TSG (Tank) Fluorometer 
The TSG fluorometer was calibrated using both samples taken from the non 
toxic seawater supply and the CTn Niskin bottle samples which were close to the 
surface «15 m). These sample data were combined in a file which was merged 
(using pmerge) with the one minute averaged TSG file, containing the fluorescence 
values, (tsg 1 0400 1 d.cal) to produce the calibration dataset. This file contained 
sample chlorophyll values (chI) as well as an uncalibrated fluorometer output (fluor) 
at each time interval. This uncalibrated output was fraw, an unprocessed fvolts from 
the RVS level A fluorometer output. 
Then the natural log of the chlorophyll sample value was calculated using the 
script mklnchl. These data were then plotted to identify the anomalous points and to 
observe if there was any effect of quenching. The calibration data were also split into 
the three areas as before. In the Gulf of Oman and the Arabian Gulf quenching did not 
occur at a level large enough to have a significant effect on the relationship between 
chlorophyll and fluorescence. The relationship between the variables in these two 
areas were good, although not as clear as the CTn data. The calibration equations 
are: 
Area 1 Gulf of Oman: In (chI a) = -2.409 + 2.254 * (fluor) + 0.100 * (fluor)2 
( Between 10:40 GMT 13/2/97 and 11:35 1/3/97) 
Area 3 Arabian Gulf: In (chI a) = -1. 323 - 1.700 * (fluor) + 3.103 * (fluor)2 
(Between 0 l:45 GMT 12/3/97 and 08:00 15/3/97) 
These are quadratic calibration functions because they calibrate to fluor which 
has a non-linear relationship with In chI a. The calibration graphs show this curve 
(Fig. 2). 
The situation in the Strait of Hormuz was more complicated and the data did 
not show a clear relationship. Several possible causes were investigated. Neither 
geographic location nor time of day significantly influenced the relationship between 
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chlorophyll samples and measured fluorescence but the source of the samples did. 
The underway samples gave much more consistent results that those taken from CTD 
bottles. The former had a much shorter lag in both time and space between obtaining 
the sample and measuring fluorescence. In a highly dynamic and variable region it is 
important to have collection and measurement as coincident as possible, and we have 
assumed that the underway samples here are more reliable than those from the CTD. 
We have therefore only used the underway TSG data for the Strait. These data did 
not show any significant effect of quenching. 
Area 2 Strait of Hormuz: In (chI a) =-4.504+5.042 * ifluor)-0.778 * ifluor)2 
(Between 11:35 GMT 1/3/97 and 01:45 12/3/97) 
SeaSoar Fluorometer Calibration 
The fluorometer mounted in the SeaSoar was calibrated using the samples 
collected underway from the non-toxic supply. These were taken at two hourly 
intervals continuously through both the surveys in the Strait of Hormuz and the 
Arabian Gulf. This data was combined (pmerge) with the corresponding fluorometer 
output (jvolts) from the surface bins of the gridded data file. At the same time the 
light level was also merged into the calibration file, to investigate quenching. This 
was done for each SeaSoar survey. 
The next step was to calculate the natural log of the chlorophyll concentration 
so that a linear regression with the fluorometer output (jvolts) could be performed. 
This was again done with the script mklnchl. This relationship was then plotted, and 
anomalous data was removed manually (using peditb). Then the linear regression was 
performed on the data from the Strait of Hormuz, to produce the calibration function. 
This was not possible for the data from the Arabian Gulf, as there was not enough 
data (see graphs SS Area 2 and SS Area 3 on Figure 2). Therefore both the data from 
the Arabian Gulf and the Strait of Hormuz were used to calibrate the SeaSoar 
fluorometer in the Arabian Gulf, but in this calibration the samples from the Arabian 
Gulf were weighted to be twice as influential as those from the Strait of Hormuz. 
Area 2 SeaSoar survey (Strait of Hormuz): In (chI a) =-4.277+2.342 * fvolts 
Area 3 SeaSoar survey (Arabian Gulf): not enough data 
Calibration used: In (chI a) = -4.236 + 2.315 * fvolts 
When this calibration was applied to the data in the Arabian Gulf a clear effect 
of quenching was seen (Figure 2; SS Area 2), with slightly lower that expected 
fluorescence measurements for several of the samples taken in the daylight. 
However, this feature was not consistent in all of the daylight samples and is only a 
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small effect of less than 0.1 mg chlorophyll per m3. With such poor calibration data 
the effect of quenching has not been removed from the Arabian Gulf chlorophyll data. 
Discussion of Results 
An interesting feature of this these fluorometer calibrations is the lack of any 
strong quenching signal. Quenching occurs because the photoadaptive state of 
phytoplankton changes with the ambient light level. For a specific chlorophyll 
concentration, this leads to lower measured fluorescence, as the light level increases 
(Strass, 1990). 
In the CTD and TSG calibrations there is no discernible quenching, with the 
day samples showing the same relationship as the night samples. In the SeaSoar data 
there is evidence of some quenching, although this is not seen consistently in all the 
samples, and therefore it has not been incorporated in these calibrations. 
The Arabian Gulf calibrations for all three instruments were hampered by the 
lack of chlorophyll samples taken in this area, and the small range of concentrations 
encountered. 
The geographic division of the samples is valid as different calibration 
coefficients were obtained in each area. Many factors can influence the relationship 
between chlorophyll concentration and the fluorescence which may demonstrate 
geographic differences. Firstly there is species composition, differences in which are 
known to exist between the areas (EI Gindy and Dorgham, 1992), which could 
significantly change this relationship (Flemer, 1969). The different times at which the 
regions were sampled may also lead to different phytoplankton species being 
sampled. Communities may change due to succession or as a single species bloom 
develops and degrades or is grazed. Species composition will also influence the 
extent of quenching seen in the samples (Falkowski, 1984). 
The second factor likely to influence the calibrations m the three areas is 
nutrient supply (Kiefer, 1973). The supply of nutrients is usually higher in the 
Arabian Gulf as a result of rapid recycling in this shallow sea. However, no nutrient 
data were taken during Scheherezade. The availability of nutrients may alter the 
physiological state which will change the relationship between fluorescence and 
chlorophyll (Cullen and Renger, 1979). 
Finally, there are sources of fluorescence, other than chlorophyll a in the these 
areas which could effect the calibrations. These include phaeopigments and 
chlorophyll a derivatives, (Herbland, 1988; Strass, 1990). 
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However, these datasets have produced reliable calibration graphs (see Figure 
2), and most of the scatter is of the order of the accuracy of the chlorophyll analysis 
technique (about 0.05mg chi a m-3). These calibrations have been used to obtain the 
data given in this report. 
3. EKSOO Echosounder calibration 
The calibration at sea of the three frequencies using Simrad calibration spheres 
was described in an earlier report (Crisp et aI, 1997a). This report describes the 
subsequent post calibration of the data at SOC to obtain absolute MVBS for each 
frequency. 
The calibration of the EK500 using Simrad's LOBE software is designed so 
that the calibration results can be downloaded to the instrument at the start of a cruise. 
This is the preferred scenario as there is no need to spend time applying a post-
calibration. However, the operators of the instrument must be very confident of the 
quality of such a calibration exercise, and in reality cruise logistics, priorities and 
weather playa large part in determining the best time to carry out a calibration. 
Post-calibration has the advantage that the data can be studied carefully before 
determining the calibration offset and beam parameters. This is currently our best 
option, as we don't have an ideal set-up for calibration of the instrument in that we 
don't have enough control of the calibration spheres to ensure adequate coverage of 
all four quadrants of the split-beams. (The calibration of the single-beam 200 kHz 
channel is a separate issue and is discussed later). 
The disadvantage of this method is that the beam-pattern parameters (if 
different from the manufacturer's laboratory data) cannot be taken into account during 
the collection of scientific data, and these parameters affect the compensation factors 
used in both the calculation of MVBS and target strength data. Following a 
successful calibration, targets detected along the centre axis of a split-beam transducer 
will have the con'ect TS value. Then as targets are detected further off-axis the 
measured values are compensated to account for the lower sensitivity of the beam 
(MacLellan and Simmonds (1992), and SIMRAD (1996)) using the beam-pattern 
parameters from the calibration. It also follows that such parameters will affect the 
MVBS calculation which assumes a spread of targets across the beam axes. 
The error in MVBS data collected using the wrong beam-pattern parameters is 
a percentage error, and so can be fairly easily corrected. It is, however, not possible 
to post -correct the target strength data as information on the position of each target 
within the beam is required. Such positional data can be collected and stored, but we 
collect only statistical information of the distribution of targets in various TS classes 
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and so we are not able to correct the off-axis compensation. The calibration and 
presentation of calibrated target strength data is covered in a separate report (Crisp 
and Allen, in press). 
A separate issue to the consideration of any calibration offsets and beam-
pattern parameters is that of in-situ absorption. A correction for this applies both 
during the calibration exercise and also during scientific surveys using environmental 
data from SeaSoar or CTDs. The post-calibration of EK500 MVBS data can be 
broken down into 3 parts: 
1. Absorption correction during calibration 
2. Calibration offset 
3. In-situ absorption correction during surveys 
I. Absorption correction during calibration 
When the EK500 receives a return signal from a single target, it applies a 
time-varying gain (TVG) function (equation 1) to the data where 40l0g(R) is the 
compensation for beam spreading and 2aR for sound absorption 
40 log (R) + 2aR (1) 
During the entire cruise, and also the calibration periods, the values for a were 
at their default settings of 0.01, 0.038 and 0.053 dB/m at 38, 120 and 200 kHz 
respectively. So it is necessary to correct the EK500 target strength data taken during 
a calibration period by adding 2( anew - aold)R before considering the difference 
between the measured value of a target and its known target strength. The new value 
for alpha is calculated using in-situ temperature and salinity data from concurrent 
SeaSoar tows or from adjacent CTD casts and an assumed pH of 8, using the 
equations of Francoise and Garrison (1982) 
2. Calibration offset 
Here the important parameter calculated by the LOBE software is the TS 
transducer gain. This is the gain of a transducer, rather than the gain applied to the 
signal from a transducer. A simple equation (2) relates the TS transducer gain 
measured during the calibration, the TS transducer gain setting already in the 
echo sounder, and the difference between the measured and known target strength of 
the calibration sphere in question. 
New TS Gain = Old TS Gain + (TS Measured - TS Sphere)/2 (2) 
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We must, however, consider the absorption error during the calibration 
described earlier, and so the TS measured is corrected by 2(cxnew - CXald)R. Equation 2 
can then be rearranged to give our calibration offset value: 
TS Sphere - TS Measured = (Old TS Gain - New TS Gain)*2 - 2(cxnew - CXald) R (3) 
This offset is the value that must be added to all points in the data set. 
It is regrettable that we were not able to control the orientation of either the 
spheres, or of the tow-fish relative to the spheres during the calibration exercise, and 
so the distribution of target positions within the beams is not ideal for a 
straightforward calibration. As an example of this distribution, Figs 3 and 4 show 
screen-dumps from the LOBE software for the set of data collected at 38 kHz. On the 
left half of each figure, the data collected are the red and blue squares shown relative 
to the X-Y axes of the transducer (in white) where the top of the graph is forward, the 
bottom is aft, and left and right are port and starboard respectively. 
It is also clear from the earlier discussion on TS compensation for targets 
away from the centre axis of the beam, that use of the full data set (e.g. of the 38 kHz 
channel) as shown in Figure 3, will not give a reliable estimate of the new TS 
transducer gain, and so we have edited the calibration data to consider only points up 
to 1, 2, 3 and 4 degrees out from the centre axis . Figures 4a and b show the resu Its for 
a subset of the 38 kHz calibration data where none of the data points are more than 3 
degrees off-axis. 
Table 1 shows a summary of the sub-sectioning of the calibration data for both 
the 38 and 120 kHz channels. The greyed-out boxes in the Total offset column are the 
Table 1. EKSOO calibration data at 38 and 120 kHz 
Frequency Data set Sphere New TS Old TS Implied i1TS Total 
(kHz) TS (dB) gain (dB) gain (dB) (Meas . . sphere) offset (dB) 
T= 23.6°C, S = 36.55 psu, C = 1533ms· l, cx"cw= 0.0074 dB/m, CXold= 0.01 dB/m 2(cx"cw - CXoId)R = -0.11 dB 
38 All points -33.65 24.64 26.5 3.72 3.83 
38 1 deg -33.65 24.68 26.5 3.64 3.75 
38 2 deg -33 .65 24.62 26.5 3.76 3.87 
38 3 deg -33.65 24.60 26.5 3.8 ...• ~. >.' 'I l:t3.91 . 
T= 23.6°C, S = 36.55 psu, C = 1533ms-l, cx"cw= 0.087 dB/m , CXold= 0.038 dB/m 2(cx"cw - CXold)R = 0_368 dB 
120 All points -40.4 24.53 24.2 - .66 -1.03 
120 1 deg -40.4 24.66 24.2 - .92 -1.29 
120 2 deg -40.4 24.56 24.2 - .72 -1.09 
120 3 deg -40.4 24.52 24.2 - .64 'El"Ol 1( ;'> '! , . ~ 
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final offset values that have been applied to the data, and these include the absorption 
correction during the calibration. 
200 kHz calibration 
As the 200 kHz transducer is not a split-beam transducer, the LOBE software 
cannot be used for the calibration. Instead we collect target strength data from the 
EK500 across the ethernet, and use the highest TS values collected to determine the 
calibration offset. Although it is not possible to determine the position of the 
calibration sphere within the beam, it is possible to use one of the split-beam channels 
to monitor the position of the sphere. Figure 5 shows the distribution of the data 
collected at 200 kHz between 5.55 and 5.75 metres from the transducer. The large 
spread in TS values (from -50 dB to -60 dB) is due to the target moving further and 
further off-axis. For calibration purposes, only the highest values obtained should be 
considered as these are indicative of the target being centrally located in the beam. 
We considered the small spread of points between -50 and -52 dB, and after applying 
an absorption correction (0.38 dB), obtained a calibration offset of 5.76 dB. 
3. In-situ absorption correction during surveys 
Using the temperature and salinity data from SeaSoar or from adjacent CTD 
casts, we can calculate the in-situ sound absorption at each depth bin by integration 
from the surface using the equations of Francoise and Garrison (1982). We can then 
apply our calibration using equation 4. 
Calibrated MVBS = MVBS + cal. offset + 2(anew - aald)R (4) 
Whilst this method sounds straightforward, it is complicated by the fact that 
temperature and salinity data must exist at the same time and space as the MVBS 
data. Because the hydrographic data are more sparse than the MVBS data, 
interpolation of the hydrographic data onto the MVBS data is inevitable. The 
methods a and b described below are designed to maximise the amount of MVBS data 
which can be calibrated, and at the same time keep the errors in the calculation of a to 
a sensible level by constraining interpolation/extrapolation. The absorption 
calculation is most sensitive to changes in temperature. If we assume constant 
profiles of temperature and salinity (~ 20DC) and 35psu respectively, a 1 DC change in 
water column, temperature integrates to just over a 1 dB change in the 2aR calculation 
at 400m depth. 
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a). Combining the temperature and salinity data with the MVBS data . 
. Both the processed SeaSoar (Smeed et al, 1997) and CTD (Smeed, 1997) data 
sets can be considered as collections of vertical profiles, and so they can both be 
treated in a similar fashion. All of this processing is done on a survey by survey basis. 
First of all, the profiles are re-gridded in depth to match that of the MVBS data. The 
two data sets are then combined using a program which, for each MVBS profile, 
calculates corresponding temperature and salinity values by linear interpolation 
between the two adjacent (in time) hydrographic profiles. In practice there are periods 
over which interpolation cannot be justified because of the time and/or distance 
between adjacent stations and, in some cases, where hydrographic conditions varied 
widely in closely spaced stations (eg coastal v. offshore stations).and so the user can 
enter a maximum time period for which interpolation is permitted. 
2. What to do when MVBS data goes deeper than the temperature/salinity data. 
The 38 kHz channel of the EK500 gives good MVBS data from depths which 
are beyond the range of SeaSoar. In order to calculate the absorption down to the limit 
of the EK500 data the following technique was developed: 
As the absorption is integrated down from the surface, we look out for absent 
temperature or salinity data. Once absent data are found, they are replaced by linearly 
extrapolating from the last good value. The user provides the extrapolation 
coefficients for temperature and salinity separately. This method is repeated for each 
column of data. 
By considering the large scale CTD survey in the Gulf of Oman, we estimated 
a gradient of -O.015°C/m for temperature, and 0.0 psu/m for salinity. These values 
were subsequently used in all of the surveys (in the shallower surveys where the 
EK500 data extends to the sea floor, the SeaSoar/CTD data extends to within 20m or 
less of the sea floor, and the accuracy of the temperature/salinity gradients used for 
extrapolation is less important). 
As a result, we have temperature and salinity data extending down to the 
depths of the EK500 data files, and we can apply equation 4 to the data. 
Data presentation 
The MVBS data resulting from the EK500 post calibration described here and 
from the vessel mounted RDI ADCP described previously (Crisp et al, 1997b), are 
compared with concurrent hydrographic data obtained from SeaSoar and/or CTD 
stations, The data are presented as a series of sections, each spanning 24 hours, with 
the MVBS and hydrographic sections placed opposite each other for easy comparison. 
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Each series of sections is identified by day number, time of day, position, and by a 
small location map. 
We have chosen to present the data against time to facilitate identification of 
diel behavioural changes in MVBS rather than against position as is normal with 
hydrographic sections. Consequently there are gaps in some of the hydrographic 
surveys where interpolation between adjacent stations was not permitted as described 
earlier. 
As a result of either geography or the use of CTD or SeaSoar the data sets 
have been split into 8 surveys (Table 2) and identified as such on each series of 
sections. 
Table 2. The 8 surveys used for calibration/comparison purposes 
Survey Survey Start time Stop time Comments 
Type DOYHH:MM DOYHH:MM 
1 CTD 4406:41 5400:41 CTDOO 1 - CTD 108 
2 CTD 5905:58 61 04:43 CTD109 - CTD121 
3 SeaSoar 61 06:50 66 14:30 
4 CTD 6620:28 6802:56 CTD122 - CTD133 
5 CTD 7004:09 70 18:32 CTD134 - CTD144 
6 CTD 71 01:45 7208:27 CTD145 - CTD168 
7 SeaSoar 7209:20 73 06: 15 
8 CTD 73 10:50 7407:56 CTD169 - CTD187 
The sections run from 0800-0800 GMT and are virtually contiguous 
throughout the cruise. The ADCP section is overlain with potential density (kg/m3) 
referenced to a pressure of Odb and evaluated from temperature, salinity and pressure. 
Detailed analysis of these data are the subject of a future report, but inspection 
of the sections shows great variability in time and space in both MVBS and 
hydrography. MVBS typically shows diel vertical migrations, multiple layering and 
patchiness, differences associated with depth, topography, hydrography and 
geography. Similarly the hydrographic sections show the importance of oxygen to the 
distribution of MVBS, the presence of Arabian Gulf water over the continental slope 
of Oman, the variability in fluorescence between the Gulf of Oman, Arabian Gulf and 
the Strait of Hormuz and the elevated salinity of the Arabian Gulf. Analysis of these 
variations, and the correlations between them is the subject of a future report. 
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FIGURES 
Figure 1. Calibration for CTD fluorometer in Gulf of Oman. Daylight samples (red) 
from upper 20m demonstrate no discernible quenching. 
Figure 2. Calibration graphs from fluorometers on CD 104. 
Figure 3. Screen dumps from the 'LOBE' EKSOO split-beam calibration software 
with the full data set collected at 38kHz, showing: 
(a) A representation of the true beam-pattern by fitting a 4th degree 
polynomial to the data. 
(b) The more approximated transducer model (as used within the EKSOO) 
fitted to the same data set. This is used to calculate the real Transducer 
Gain, and beam-geometry parameters which can then be sent to the 
echo sounder. 
Figure 4. Screen dumps from the 'LOBE' EK500 split-beam calibration software 
with a reduced 38kHz data to include only points up to 3 degrees out from 
the centre of the beam. 
(a) A representation of the true beam-pattern by fitting a 4th degree 
polynomial to the data. 
(b) The more approximated transducer model (as used within the EKSOO) 
fitted to the same data set. The TS Gain value of 24.60 dB on the right of 
the image is used in the calculation of the calibration offset. 
Figure S. Calibration data from the EKSOO at 200 kHz. The calibration offset was 
determined by taking the average of the values between -50 and S2 dB. 
Figure 6 ff. 24h sections of MVBS and concurrent hydrography. The sections of 
MVBS are opposite those of hydrography, inevitablly therefore there are 
blank pages between each series of sections. 
Figure 1 Calibration for CTD Fluorometer in Gulf of Oman 
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Figure 3. Screen dumps from the 'LOBE' EKSOO split-beam calibration software 
with the full data set collected at 38 kHz, showing: 
(a) A representation of the true beam-pattern by fitting a 4th degree polynomial to the 
data. 
(b) The more approximated transducer model (as used within the EKSOO) fitted to the 
same data sel. This is used to calculate the real Transducer Gain, and beam-geometry 
parameters which can then be sent to the echo sounder. 
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Figure 4. Screen dumps from the 'LOBE' EKSOO split-beam calibration software 
with a reduced 38 kHz data to include only points up to 3 degrees out from the centre 
of the beam. 
(a) A representation of the true beam-pattern by fitting a 4th degree polynomial to the 
data. 
(b) The more approximated transducer model (as used within the EKSOO) fitted to the 
same data set. The TS Gain value of 24.60 dB on the right of the linage is used in the 
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